Background. Outpatient surgery is increasingly being performed on patients with pre-existing cardiovascular and pulmonary disorders.
Introduction
The number of outpatient operations has increased steadily during the past decades [1] . General anesthesia is the most commonly used anesthetic technique [2] , but orthopedic procedures can be performed using neuroaxial methods, such as spinal or epidural anesthesia [2, 3] or with peripheral nerve blocks [3] [4] [5] [6] . The studies showed that regional anesthesia gave shorter process times, greater patient satisfaction, lower rates of nausea and vomiting and a lower rate of unscheduled hospital admission than general anesthesia [7, 8] .
Due to increased life expectancy more elderly patients with relevant co-morbidities will undergo sur-gery [1] with an increased risk of perioperative cardiovascular complications [1, 9, 10] . However, this does not mandate that ASA III patients be excluded from outpatient surgery [9, 11] .
The aim of this study was to compare the effects of regional anesthesia with femoral and sciatic nerve blocks to those of general anesthesia on hemodynamic stability, process times, complications and postoperative pain in ASA III outpatients undergoing knee arthroscopy. It was our hypothesis that hemodynamic parameters would be more stable and the incidence of perioperative complications lower with regional anesthesia.
Materials and methods
The study had the approval of our institution's ethics committee. We searched our patient database for ASA III patients who had undergone a knee arthroscopy as outpatient in the period from 2005 to 2010. Those identified were stratified according to the type of anesthesia that had been given for the operation. In our institution, knee arthroscopy is performed either in general anesthesia or in regional anesthesia with a single-shot block of the femoral nerve using the 3-in-1 technique of Winnie [12] and an anterior ventral block of the sciatic nerve as described by Meier [13] . The ASA III patients are initially offered the regional technique, but general anesthesia is performed if the patient prefers it or if regional anesthesia is contraindicated (e.g. anticoagulation).
On arrival in the operating suite, ECG, non-invasive blood pressure and pulse oximetry monitoring was established and a peripheral venous cannula was inserted. Anesthesia was managed according to our standard operating procedures. All patients were premedicated with intravenous midazolam titrated to effect (1 -3 mg) and alfentanil was titrated to effect (0,5 -2 mg) while performing regional anesthesia.
General anesthesia was with alfentanil, propofol and remifentanil (Ultiva®, GlaxoSmithKline). It was induced with alfentanil (15-30 µg/kg) followed by a continuous infusion of remifentanil at 0.05 -0.2 µg/kg/min for maintenance, if required. The initial propofol bolus of 2 mg/kg was given over two minutes under BIS monitoring and was stopped when the BIS-value fell below 60 [14] . The maintenance propofol infusion rate was adjusted to keep the BIS-value in the target range of 40 to 60 [14] .
A laryngeal mask (LMA Unique, LMA Company Germany) is our standard method for securing the airway. If placement was not successful, the trachea was intubated after muscle relaxation with mivacurium (0.2 mg/kg). The anesthetic drugs infusions were discontinued when the surgical trocar was removed from the knee.
The peripheral nerve blocks were performed in a separate preparation room while the preceding operation was still ongoing. The blocks were performed under sterile conditions and the nerves were located with a nerve stimulator (Stimuplex® HNS 11, B. Braun Melsungen, Germany). Mepivacaine 1% was injected (femoral nerve 20 -45 ml; sciatic 20 -40 ml, total volume 45 -80 ml) when an adequate response to a 0.3 -0.5 mA stimulation current with a 0.1 ms impulse duration was seen. After the preceding operation was finished and an adequate effect of the block had been confirmed (abolished sharp-dull or warm-cold discrimination, inability to extend at knee or plantar flex the foot), the patients were transferred to the operating room.
If the regional block was inadequate at any time during the operation, the patients were given remifentanil as a continuous infusion titrated to effect.
At the end of the operation the surgeon instilled 5 ml bupivacaine 0.5% (Carbostesin®, AstraZeneca) and 4 mg dexamethasone-21-palmitate (Lipotalon®, Merckle Recordati) into the joint. The patients were then transferred to the postoperative recovery room, where they were given 600 mg ibuprofen p.o. for postoperative analgesia.
Heart rate, systolic blood pressure and peripheral oxygen saturation were recorded at five-minute intervals in the anesthesia chart, as were administered drugs, volumes of infused fluids and relevant process time points. Intraoperative hypotension was defined as a decrease in systolic pressure of more than 20% from baseline or a mean arterial pressure below 60 mmHg. It was treated with i.v. bolus injections of a fixed theodrenaline-cafedrine combination (10 mg theodrenaline, 200 mg cafedrine per ml; Akrinor®, AWD Pharma) and by increasing the infusion rate of fluids. Bradycardia was defined as a heart rate below 50 / minute. It was treated with i.v. atropine if associated with hypotension.
Patients remained for at least two hours in the recovery room. The criteria for discharge were stable vital signs, absent or manageable PONV, pain absent or manageable with minor analgesics, and resolution of motor blockade after regional anesthesia. At discharge, the patients were given ibuprofen with instructions to take 600 mg every six hours, and tramadol (Tramal®, Grünenthal, Germany) with instructions to take 100 mg in the event of more severe pain. The patient could contact the anesthesiologist and the surgeon by telephone, if necessary. A follow-up appointment was made for two days after the operation.
Patients are routinely requested to fill out a questionnaire as part of the outpatient facility's internal quality control. This questionnaires is either completed at the follow-up appointment or in a later telephone interview conducted by an anesthesiologist. The questionnaire covers pre-existing pain (Numeric Rating Scale NRS 0 -10) and analgesic consumption, pain experienced during the arthroscopy, on the evening of surgery, and on days one and two after surgery as well as the need for analgesics and the doses taken. Satisfaction with the anesthetic, occurrence of PONV, shivering or selfdetected cognitive deficits or neurological symptoms in the operated legs, and if knee mobility and pain had been improved by the operation are further items of the questionnaire.
The patients' charts, data extracted from the surgical documentation system and the results of the questionnaires were analyzed with regard to biometric data, preoperative health issues, perioperative hemodynamics including necessity of pharmacological support, postoperative nausea and vomiting (PONV), severity of postoperative pain, general satisfaction with the anesthetic and number of unscheduled hospital admissions.
Statistical analysis
The data were entered into a Microsoft Excel 2003 spreadsheet and analyzed with the statistics program StatSoft. After testing for normal distribution with Kolmogorov-Smirnov test, data were analyzed with Student's t test for unpaired data or Mann-Whitney-U-test, as appropriate. Categorical data were analyzed with Fisher's exact test.
All normally distributed data are given as mean standard deviation. Not normally distributed data are given as median and range. Categorial data are given as percentages.
Results
One-hundred and thirty patients were identified who fulfilled the inclusion criteria. Sixty-five had general anesthesia and 65 had regional anesthesia. The majority of the patients had cardiac or pulmonary co-morbidities ( Table 1 ).
The patients in the two groups did not differ with regard to height, weight, body mass index (BMI), or sex (Table 1) , but the patients in the general anesthesia group were younger (56±10 years vs. 62±11 years, p < 0.001). Eighty-six percent of the patients in the regional anesthesia group and 73% in the general anesthesia group were NYHA III (see Table 1 for pre-existing conditions). Table 2 shows the administered amounts of anesthetic drugs. Four patients with regional anesthesia required supplementation with remifentanil due to incomplete block. The required dose was 0,04 (0,007 -0,34) µg/kg/min (median and range).
During anesthesia there were significant differences between the general and regional groups with regard to magnitude of blood pressure decrease, requirements for circulatory support drugs and infused fluid volume. Baseline and maximum systolic blood pressure did not differ between the groups (Regional: baseline 143 ± 16 mmHg, maximum 151 ± 18 mmHg; General: baseline 145 ± 16 mmHg; maximum 147 ± 18 mmHg), but the decrease from baseline was significantly greater during general anesthesia (General: -28 ± 9% vs. Regional: -11 ± 8%, from baseline, respectively). This is reflected in the significant differences (p < 0.001) with regard to minimum and mean systolic blood pressure (Regional: minimum 126 ± 13 mmHg, mean 140 ± 14 mmHg,; General: minimum 104 ± 10 mmHg, mean 120 ± 11 mmHg. The groups also differed significantly with regard to the necessity of circulatory support. Eight patients in the regional anesthesia group required atropine but none required the vasopressor combination. Twenty-two patients in the general anesthesia group required atropine and 27 patients required the vasopressor. These intergroup differences are significant (p < 0.001). Significantly greater volumes of infused fluids were required in the general anesthesia group (see Table 3 ). Only one patient in the regional anesthesia group required the infusion of colloid solutions compared to 13 patients in the general anesthesia group (p < 0.001). Hemodynamic data are summarized in Table 3 .
The process times "incision to closure time" and the time to "induction complete" were shorter in the general anesthesia group. Induction was completed after 21±9 minutes with general vs. 25±11 minutes with regional anesthesia (p < 0.02). Incision to closure time was 18±7 minutes for general and 24±14 minutes for regional anesthesia (p < 0.001).
The patients of the regional anesthesia group were eligible for discharge as soon as sensory and motor block began to resolve and the patients were able to walk unaided with forearm crutches, but they did not leave the recovery room until the anesthetist and the surgeon had seen them.
At the follow-up examination on Day 2 there were no significant inter-group differences with regard to swelling, joint effusion, hemarthrosis or restricted extension of the knee (see Table 4 ).
One hundred and twelve patients completed the questionnaire; the remaining 18 questionnaires were incomplete. There were no significant differences between the groups with regard to preoperative pain, preoperative analgesic consumption, intraoperative pain, postoperative analgesic consumption or use of supplemental tramadol, pain in the first two postoperative days, PONV, shivering, postoperative sensory or motor deficits, satisfaction with the anesthetic, postoperative memory impairment or the surgical results (see Table 5 ). No patient in the regional anesthesia group reported neurological deficits or other complications attributable to the anesthetic.
Discussion
Perioperative hemodynamic instability is a concern in ASA III and NYHA III patients, and these patients are thus frequently excluded from outpatient surgery, particularly those with pre-existing cardiopulmonary disor- Table 4 . Results of follow-up examination on Day 2 after surgery. ders. General anesthesia is thought to have a higher risk [15, 16] . International guidelines expressly recommend regional techniques for outpatient surgery [2] , and peripheral nerve blocks could provide a more stable course e.g. during operations on the extremities [5] and therefore be a useful alternative for outpatient surgery in these patients. This study compared the perioperative course during knee arthroscopy with regard to hemodynamic stability, complications, postoperative pain and process times in ASA III outpatients managed either by general anesthesia or by peripheral regional anesthesia (femoral and sciatic nerve blocks).
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General
Systolic blood pressure decreased less in the regional anesthesia group, and the patients with general anesthesia required more pharmacological circulatory support and larger volumes of infused fluids. The blood pressure drop in the regional anesthesia group was probably due to sympathicolysis with reduction of peripheral vascular resistance in the treated leg, although the administration of opioids may have contributed. The marked blood pressure decrease in the general anesthesia group is possibly due to higher plasma concentrations of propofol than occurred as a result of the method of application. Limiting the infusion by the attainment of a sufficient BIS value is a valid approach, but a slower infusion rate might have been more appropriate to better allow for equilibration between plasma and effect-site concentrations.
Although the success rate of regional anesthesia is reported to decrease with increasing BMI and higher ASA classification [17] this did not appear to be a problem in our patients who were obese and had an ASA classification of III or higher.
Postoperative complications
Regional anesthesia is reported to be associated with less nausea and vomiting, fewer unscheduled hospital admissions, shorter times in the operating room and in postoperative care as well as greater patient satisfaction with the anesthetic [7, 8, 18] . The groups in this study did not differ with regard to the occurrence rate of PONV, rate of unscheduled hospital admissions or patient satisfaction with the anesthetic. The low rate of PONV in our patients with general anesthesia could be attributed to our use of a total intravenous technique with propofol and remifentanil. On the other hand, the incidence in the regional group may have been higher because the patients were given alfentanil. We also did not score for PONV risk [19] and can therefore not rule out that it was unevenly distributed between the groups.
Postoperative pain
Postoperative pain was graded as moderate by the patients in both groups and only half of the patients actually took the prescribed analgesic medication. Only resting pain was assessed since the knee was immobilized in a brace postoperatively. There is some evidence that pain is less severe and fewer analgesics are required after surgery with regional anesthesia [3, 8] . This is possibly due to a pre-emptive effect of reduced nociceptive input [20] . The lack of a detectable difference between the techniques in the present study might be attributed to the fact that all patients were given ibuprofen and had bupivacaine and dexamethasone instilled into their joint.
Process times and patient satisfaction
The use of short-acting anesthetic drugs, such as remifentanil and propofol can possibly reduce the process times for general anesthesia [21] . In our study, we found differences in the "incision to closure" time as well as in the time to "induction complete". A surprising finding was that "incision to closure" time was longer in the regional anesthesia group. The reason for this might be that the surgeon spoke to the patient during the procedure and explained the intraoperative findings. On the other hand, this allowed the surgeon to dispense with the postoperative interview, which compensated for the time taken in the OR.
Establishing the the regional block took longer than induction of general anesthesia, but since the nerve blocks were performed in a separate room well in advance of the operation this caused no delay.
The patients of the regional anesthesia group did not leave the recovery room until the anesthetist and the surgeon had seen them. These were not always immediately available which caused a time lapse between eligibility for discharge and actual discharge from the outpatient facility. A further factor that would make it difficult to detect a difference in duration of stay in the postoperative care unit is that our guidelines stipulate a minimum stay of 120 minutes.
Patient satisfaction with the anesthetic was the same in both groups, which is in accordance with the literature [21] .
Limitations of the study
This study analyzed data extracted retrolectively from the anesthesia charts. Group allocation may have been biased since regional anesthesia is always our first recommendation for this procedure and general anesthesia is only performed if the patient is ineligible for a regional or explicitly desire a general.
Conclusions
The intraoperative hemodynamic course during knee arthroscopy in ASA III patients was more stable during regional anesthesia using femoral and sciatic nerve blocks than during general anesthesia. The two techniques did not differ with regard to patient satisfaction, process times, perioperative complications, PONV, postoperative results and postoperative pain.
